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1
COLLAPSIBLE TRUSS ASSEMBLY

PRIORITY INFORMATION

This application 1s a continuation of U.S. application Ser.
No. 12/019,441, filed Jan. 24, 2008, the specification of
which 1s incorporated herein by reference.

BACKGROUND

Portable collapsible shelters, e.g., folding canopies, can be
designed for ease of transport, setup, and takedown. Such
shelters can be usetul for outdoor gatherings, temporary mili-
tary posts, emergency cover, even indoor conferences or trade
shows to provide a sense distinction from other exhibaits,
among other uses.

Portable collapsible shelters can include accordion-type
collapsible truss assemblies between supporting legs of the
shelter. According-type collapsible truss assemblies can
include a number of truss members interconnected at pivotal
X-jo1nts near truss member midpoints and at pivotal v-joints
near truss member endpoints. The truss members may be
connected at one endpoint to a portion of a shelter leg, e.g., at
a slidable or fixed mounting bracket, and at another endpoint
to another truss member at a pivotal v-joint. Thus, the accor-
dion-type collapsible truss assembly can be expanded and
collapsed to allow for ease of transport, setup, and takedown.

Truss assemblies for portable collapsible shelters were 1ni-
tially composed of thick walled steel tubing. In the push for
lighter weight and ease of portability, some manufacturers
have used lower strength materials, e.g., aluminum. However,
aluminum 1s typically more expensive and weaker than steel.
As aresult of the desire to limit weight and cost, some manu-
facturers have also used thin walled truss members in portable
collapsible assemblies.

The use of lighter weight, lower strength materials 1n col-
lapsible truss assemblies has led to deformation and failure of
truss members, particularly near pivotal x-joints. Such defor-
mation can be caused, at least 1n part, by user abuse 1n forcing
the operation of setup and takedown, or weather related axial
bending stresses, among other causes. Due to the nature of
some designs of the collapsible truss assembly, loading can
centralize near the midpoint of truss members at the pivotal
x-jo1nts, potentially leading to the above-described defects.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates a portable collapsible shelter in a col-
lapsed position according to one or more embodiments of the
present disclosure.

FIGS. 1B-1C 1illustrate the portable collapsible shelter of
FIG. 1A 1n various partially expanded configurations.

FIG. 2A illustrates a side view of a portable collapsible
shelter having a cathedral support roof according to one or
more embodiments of the present disclosure.

FIG. 2B illustrates a side view of a portable collapsible
shelter having a center support roof according to one or more
embodiments of the present disclosure.

FIG. 3 A 1llustrates a prior art portion of a collapsible truss
assembly.

FIG. 3B illustrates a deformed prior art truss member.

FI1G. 3C illustrates a failed prior art truss member.

FI1G. 3D 1llustrates a hollow prior art truss member.

FI1G. 3E illustrates a honeycombed prior art truss member.

FIG. 4A 1llustrates a cut-away view of a pivotal x-joint
according to one or more embodiments of the present disclo-
sure.
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FIG. 4B illustrates an exploded view of a pivotal x-joint
according to one or more embodiments of the present disclo-
sure.

FIG. § illustrates a layered u-bracket according to one or
more embodiments of the present disclosure.

FIGS. 6A-6B illustrate a first u-bracket of a layered
u-bracket according to one or more embodiments of the
present disclosure.

FIGS. 7A-T7B illustrate a second u-bracket of a layered
u-bracket according to one or more embodiments of the
present disclosure.

FIG. 8A 1illustrates an internal support body for a truss
member according to one or more embodiments of the
present disclosure.

FIG. 8B illustrates internal support bodies for a honey-
combed truss member according to one or more embodiments
of the present disclosure.

DETAILED DESCRIPTION

A collapsible truss assembly 1s described herein. One
embodiment includes a layered u-bracket including a first
u-bracket connected to the collapsible truss assembly, having
a first channel, a first surface opposing the channel, and a first
aperture that spans from the first surface to the first channel
and 1s of a particular diameter. The layered u-bracket also
includes a second u-bracket having a second channel, a sec-
ond surtace opposing the second channel, and a second aper-
ture that spans from the second surface to the second channel
and 1s of the particular diameter. For the layered u-bracket, the
second channel 1s flush with the first surface, and the first and
second apertures are aligned.

In the following detailed description of the present disclo-
sure, reference 1s made to the accompanying drawings that
form a part hereof, and 1n which 1s shown by way of 1llustra-
tion how one or more embodiments of the disclosure may be
practiced. These embodiments are described in suificient
detail to enable those of ordinary skill in the art to practice the
embodiments ofthis disclosure, and 1t 1s to be understood that
other embodiments may be utilized and that process and/or
structural changes may be made without departing from the
scope of the present disclosure.

FIG. 1A 1llustrates a portable collapsible shelter 100 1n a
collapsed position according to one or more embodiments of
the present disclosure. Although various embodiments of the
present disclosure are described within the context of a por-
table collapsible shelter, embodiments are not so limited. For
example, embodiments of the present disclosure can be used
with carriages, tables, chairs, exercise equipment appara-
tuses, or other devices using collapsible truss assemblies.

The portable collapsible shelter 100 1llustrated 1n FIG. 1A
includes a number of legs, e.g., legs 104-1, 104-2, 104-3, and
104-4. A portable collapsible shelter can be configured with
three legs to have a triangular base, four legs to have a rect-
angular base, or more legs for other bases. Embodiments are
not lhmited to the number of legs given i the example
embodiment of FIG. 1A. The legs, e.g., leg 104-1, can include
telescoping lower portions 105 to allow a user to adjust the
height of the shelter. Each leg can be connected to a number
of, e.g., two, accordion-type collapsible truss assemblies,
where another end of each truss assembly can be connected to
another leg and/or to a roof support. A fully collapsed por-
table shelter can provide for ease of transport due, at least in
part, to 1ts compact size as compared to an expanded shelter.
In some embodiments, a carrying mechanism, e.g., a bag, can
be provided to further ease transport of the shelter.
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FIGS. 1B-1C illustrate the portable collapsible shelter 100
ol FIG. 1A 1n various partially expanded configurations. Each
accordion-type collapsible truss assembly 102-1,102-2, 102-
3, and 102-4 can include a number of truss assembly mem-
bers, e.g., member 106, interconnected by at least two pivotal
v-joints 109-1 and 109-2 and two pivotal x-joints 108-1 and
108-2.

For example, a collapsible truss assembly 102-1 extending,
between two legs 104-1 and 104-2 can include four truss
members 106-1, 106-2, 106-3, 106-4. A first truss member
106-1 can be secured at one end to a fixed mounting bracket
105-1 near the top of a first leg 104-1. The first truss member
106-1 can be interconnected with a second truss member
106-2 at a pivotal x-joint 108-1 near a midpoint of the first and
second truss members 106-1 and 106-2. The first truss mem-
ber 106-1 can be interconnected with a third truss member
106-3 at a pivotal v-joint 109-1 at the other end of the first
truss member 106-1.

The second truss member 106-2 can be secured on one end
to a slidable mounting bracket 107-1 on the first leg 104-1.
The second truss member 106-2 can also be secured to a
fourth truss member 106-4 at a pivotal v-joint 109-2 at the
other end. The third truss member 106-3 can be intercon-
nected with the fourth truss member 106-4 at an x-joint 108-2
and secured to a second leg 104-2 at a fixed mounting bracket
105-2 near the top of the second leg 104-2. The fourth truss
member 106-4 can be secured to the second leg 104-2 at a
slidable mounting bracket 107-2. Embodiments are not so
limited.

As 1llustrated 1n FIGS. 1A-1C, the pivotal v-joints, pivotal
x-1jo1nts, and slidable mounting brackets can allow the col-
lapsible shelter to contract to a relatively small configuration,
and to expand to a larger area. During expansion, the slidable
mounting brackets can move up, e.g., away from the ground,
on the legs of the collapsible shelter. At the same time, the
pivotal v-joints and x-joints can allow the truss members to
pivot with respect to each other, expanding the shelter like an
accordion. During contraction, the slidable mounting brack-
ets can move down, e.g., toward the ground, on the legs of the
collapsible shelter. At the same time, the pivotal v-joints and
x-101nts can allow the truss members to pivot with respect to
cach other, e.g., opposite of the pivot during expansion.

In one or more embodiments, the truss members can be
hollow or have a honeycombed core, can be formed of a
lightweight matenal, e.g., aluminum, and can have thin walls,
e.g.,0.5-5.0 mm. The truss members can be interconnected at
the pivotal x-joints and v-joints via a connecting member
passing through one or more apertures 1n the truss members.
For example, the truss members can be interconnected at
pivotal x-joints via a bolt passing through an aperture at a
longitudinal midpoint 1n each of the two truss members asso-
ciated with the pivotal x-joint.

In one or more embodiments, the pivotal x-jo1nts are rein-
forced with one or more of an external layered u-bracket, e.g.,
layered u-bracket 110, and/or an internal support body for the
truss members. Such reinforcements are described 1n more
detail below 1n connection with FIGS. 5-8. The support roof
of the portable collapsible shelter can have various configu-
rations, two of which are described below 1n connection with
FIGS. 2A-2B.

FIG. 2A illustrates a side view of a portable collapsible
shelter having a cathedral support roof 220 according to one
or more embodiments of the present disclosure. The roof,
¢.g., canopy, can be supported by a number of cathedral
support members 221 extending from a number of legs, e.g.,
legs 204-1A and 204-2A. The legs can also support a number
of collapsible truss assemblies, e.g., 202-A, that can 1include

10

15

20

25

30

35

40

45

50

55

60

65

4

reinforced pivotal x-joints, e.g., x-joint 208-A, including a
number of layered u-brackets, e.g., layered u-bracket 210-A,
and/or internal support bodies.

In one or more embodiments, the cathedral support mem-
bers 221 can have one end attached near the top of one of the
number of legs, e.g., at a fixed mounting bracket 205-A. The
cathedral support members 221 can be supported by a supple-
mental support member 222 having a first end connected to a
slidable mounting bracket 207-A onaleg, e.g.,leg 204-2A, of
the collapsible truss assembly 202-A and a second end con-
nected to a supplemental support connection portion 223 of
the cathedral support member 221.

Each cathedral support member 221 can extend from the
top of a leg to a center of the shelter, where the cathedral
support members can collectively support the roof. For
example, the root, e.g., canopy, of the shelter can include a
receiver 224 capable of recerving one or more of the cathedral
support members 221. In some embodiments, the receiver
224 can be a molded plastic structure with a number of aper-
tures for recerving the cathedral support members 221. Oneor
inure embodiments can include a receiver 224 separate from
the canopy, e.g., as fixed to one or more of the cathedral
support members 221 or as a wholly separate receiver.

In one or more embodiments, the cathedral support mem-
bers 221 can be formed from a flexible material, e.g., fiber-
glass. In some embodiments, each cathedral support member
221 can include two or more flexible material sections, e.g.,
sections 221-1 and 221-2 removably connected together, e.g.,
by a jacket 225 where one section includes a receiving portion
and the other section includes an nsertion portion. Embodi-
ments are not so limited.

FIG. 2B 1llustrates a side view of a portable collapsible
shelter having a center support roof 230 according to one or
more embodiments of the present disclosure. The roof, e.g.,
canopy, can be supported by an upwardly extending, e.g.,
away Irom the ground, central support member 232. The
central support member 232 can include telescoping mem-
bers, e.g., members 232-1 and 232-2, formed of a same or
similar lightweight material as the remainder of the truss
assembly members, e.g., member 206-B formed of thin
walled aluminum. In one or more embodiments, the center
support member 232 can be supported by two or more accor-
dion-type collapsible truss assemblies, e.g., collapsible truss
assembly 202-B, as described above, e.g., including a number
of layered u-brackets, e.g., layered u-bracket 210-B, and/or
internal support bodies, connected between two or more legs,
¢.g., legs 204-1B and 204-2B, and extending toward the cen-
ter ol the shelter. In some embodiments, the center support
member 232 can be directly supported by four collapsible
truss assemblies, one connected to each of four legs support-
ing the collapsible shelter. In one or more embodiments, the
center support member can be supported by anumber of, e.g.,
four, truss assemblies, each connected to at least one pivotal
v-1joint of a truss assembly, e.g., v-joints 109-1 and 109-2 in
FIG. 1C, 1n lieu of being connected to one or more legs.

FIG. 3A 1illustrates a prior art portion 340 of a collapsible
truss assembly. The portion 340 of the collapsible truss
assembly includes two pairs of truss members 306-1 and
306-2, and 306-3 and 306-4, connected to a leg 304. A first
member, e.g., member 306-1, of each pair 1s connected to a
fixed mounting bracket 305 at the top of the leg 304. A second
member, e.g., member 306-2, of each pair 1s connected to a
slidable mounting bracket 307 lower on the leg 304. Each pair
of truss members 1s interconnected at a midpoint of the truss
members by a pivotal x-joint 308-1 and 308-2.

The pivotal x-joint, e.g., x-joint 308-1, includes a connect-
ing member 342, e.g., a bolt, passing through the truss mem-
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bers 306-1 and 306-2 secured by a nut, e.g., wing-nut 344.
According to various prior art approaches, the connecting
member 342 can be secured directly to an exterior surface of
the truss members, or to a cover fitted on one or more of the
truss members. For example, U.S. Pat. No. 5,275,188 entitled
“Modified Folding Tent” to T'sa1 includes a “U-shaped cover”
over each truss member at the pivotal x-joint. Such au-shaped
cover can help protect a connecting member, €.g., a screw,
against repeated interlocking and telescopic movements to
help prolong the life of use. For example, interlocking move-
ment of an unprotected joint can cause over-tightening of the
connecting member potentially damaging one or more of a
truss member and/or a connecting member. However, such a
u-shaped cover, has been isuificient to protect truss mem-
bers against axial deformation and failure due to loads placed
on the truss assembly.

Such prior art collapsible truss assemblies have suflered
deformation and failure at or near the pivotal x-joint. Factors
contributing to such deformation and/or failure include user
abuse by forcing the operation of setup and takedown, or
weather related axial bending stresses, among other factors.
For example, if two slidable members, ¢.g., slidable member
307, were locked 1n place while the user attempted to collapse
or expand the truss assembly, significant force could be
applied 1n the x-direction by one or more users 1n an attempt
to force the truss assembly open and/or closed, e.g., by grasp-
ing two legs to compress and/or tense the truss assembly.

FIG. 3B illustrates a deformed prior art truss member 306-
B. The pivotal x-joint can be a weak point in the prior art
collapsible truss assembly. For example, forces applied to the
collapsible truss assembly, e.g., 1n the y-direction as 1llus-
trated 1in FIG. 3A, e.g., towards or away from the ground, can
result 1n deformation, e.g., bending, about the connecting
member at the pivotal x-joint, e€.g., near an aperture 346-B in
a truss member 306-B. Deformation of a truss member, e.g.,
truss member 306-B, can also lead to cracking 348, and
possibly failure of the truss member. Forces that may cause
such deformation may be associated with user operation or
abuse, wind creating up and/or down drafts by interaction
with the canopy, and/or other sources. For example, 1f one
slidable member, e.g., slidable member 307, were locked 1n
place while the user attempted to collapse or expand the truss
assembly, significant force could be applied 1n the y-direction
at the pivotal x-joint 308-1 as the user attempts to force the
truss assembly open and/or closed, e.g., when one slidable
member 1s allowed to move, but the other remains locked,
transierring force up to the pivotal x-joint. Other applied
forces and/or conditions can cause deformation and/or failure
near a pivotal x-joint.

FI1G. 3Cllustrates a failed prior art truss member 306-C. In
some 1nstances, forces applied to the collapsible truss assem-
bly, e.g., 1n the z-direction, as illustrated in FI1G. 3 A, canresult
in failure, e.g., shearing, at or near a pivotal x-joint, e.g., near
an aperture 346-C, associated with a connecting member 1n
one or more truss members. Forces recetved at x-joints 1n the
z-direction along a longitudinal length of the connecting
member, €.g., bolt, may result 1n significant shear stress on the
connecting member and truss members at the pivotal x-joint.
Such forces may be associated with wind, pocketing of mois-
ture, user operation, and other sources. Other potentially
damaging forces associated with operation of a portable col-
lapsible shelter will be appreciated by one of ordinary skill 1n
the art. Other applied forces and/or conditions can cause
deformation and/or failure near a pivotal x-jo1nt.

FI1G. 3D 1llustrates a hollow prior art truss member 306-D.
A truss member may 1nclude a rigid outer wall 334-D formed
from a particular material. The wall 334-D may surround a
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hollow interior portion 349-D. For example, some prior art
truss assemblies included truss members formed from steel.
Truss assemblies for industrial applications may include truss
members having thick walled steel sections, creating durable,
but heavy truss assemblies. Such steel assemblies may be
formed such that failure of a connecting member, e.g., a
screw, may be more common than failure of a steel truss
member. Some truss assemblies created for personal use, e.g.,
portable collapsible shelters, may include truss members
formed of aluminum, sometimes having thinner walls than
truss assemblies formed of steel. Thinner walled aluminum
may be used for fabricating such assemblies due, 1n part, to
the higher cost of aluminum, as compared to steel.

FIG. 3E 1llustrates a honeycombed prior art truss member
306-E. A truss member may include a rigid outer wall 334-E
that may be formed of a same or different material than an
interior honeycombed portion 349-E, e.g., core. U.S. patent
application Ser. No. 11/301,981 entitled “Structural Support
Member” to Mallookis et al. provides an example of such a
honeycombed truss member.

FIG. 4A 1llustrates a cut-away view of a pivotal x-joint
408-A according to one or more embodiments of the present
disclosure. The pivotal x-joint 408- A can include a number of
e.g., two, truss members 406-1A and 406-2A of a collapsible
truss assembly, each having a number of e.g., two, aligned
apertures through opposing longitudinal-latitudinal walls.
One or more of the truss members, e.g., member 406-1A, can
include an internal support body 450-A, e.g., an clongate
body as described below 1n more detail 1n connection with
FIG. 8A, having an aperture that 1s aligned with the apertures
through each truss member. Each truss member, e.g., member
406-1A, can have a supporting layered u-bracket 410-A,
including a first u-bracket 460-A and a second u-bracket

470-A. A layered u-bracket 1s described in more detail 1n
connection with FIGS. 5-7B. The first u-bracket 460-A can be

flush with a truss member 406-1A. The second u-bracket
4'70-A can be flush with the first u-bracket 460-A. The layered
u-bracket 410-A can have an aperture aligned with that of the
truss member 406-A and internal support body 450-A such
that a connecting member 442-A, e.g., a bolt, can pass
through the entire pivotal x-joint assembly 410-A.

FIG. 4B illustrates an exploded view of a pivotal x-joint
408-B according to one or more embodiments of the present
disclosure. As described above, the pivotal x-joint can be at a
longitudinal midpoint of each truss member associated with
the x-joint, e.g., two truss members 1n a collapsible truss
assembly having accordion-type truss connections 1n a por-
table shelter. The x-joimnt can allow pivoting of each truss
member through rotation about a connecting member placed
through the aligned apertures 1n the various components asso-
ciated with the pivotal x-joint. For example, a connecting
member, e.g., mncluding a screw 442-B and a non-compres-
sion sleeve 443, can pass through, 1n order: a first layered
u-bracket 410-1B from second u-bracket 470-1B to first
u-bracket 460-1B: a first wall 415-1 of a first truss member
406-1B; a first internal support body 450-1B; a second wall
415-2 of the first truss member 406-1B; one or more washers,
¢.g., washers 480-1 and 480-2; a first wall 415-3 of a second
truss member 406-2B; a second internal support body 450-
2B; a second wall 415-4 of the second truss member 406-2B:
and a second layered u-bracket 410-2B from first u-bracket
460-2B to second u-bracket 470-2B.

One or more embodiments of the present disclosure can
include layered u-brackets on both longitudinal sides of a
truss member, e.g., on first wall 415-1 and second wall 415-2
of first truss member 406-1B. Such a layered u-bracket may
be provided with or without an annulus portion. For example,
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one truss member could include a layered u-bracket flush with
a first longitudinal wall and having an annulus portion, and a
second layered u-bracket flush with a second longitudinal
wall and not having an annulus portion. Such embodiments
can be useful in providing additional strength at a correspond-
ing pivotal joint.

A portion of the connecting member can be secured by a
nut or a polygonal head, e.g., of a non-compression sleeve
445, which can be housed within an annulus portion 490 of a
layered u-bracket, e.g., layered u-bracket 410-2B. In some
embodiments, the connecting member can be formed from
steel, or another material. Other forms of connecting mem-
bers can be used with embodiments of the present disclosure,
as will be understood by one of ordinary skill in the art. The
one or more washers, e.g., washers 480-1 and 480-2, placed
between the truss members 406-1B and 406-2B at the pivotal
x-10int 408-B can be formed of a lightweight material that
allows the members to pivot with relatively little friction, e.g.,
nylon.

FI1G. 5 1llustrates a layered u-bracket 510 according to one
or more embodiments of the present disclosure. The layered
u-bracket 5310 includes a first u-bracket 560 and a second
u-bracket 570 that can be connected to a collapsible truss
assembly member by a connecting member, e.g., as shown 1n
FIGS. 4A-4B. The first u-bracket 360 can be flush with the
truss member and the second u-bracket 370 can be flush with
the first u-bracket 560. The second u-bracket 570 can have an
annulus portion 590 that can be configured to house a con-
necting member, €.g., a nut and/or a non-compression sleeve
545 having a polygonal head, for securing the connecting
member. For example, the annulus portion 590 of the second
u-bracket 570 1llustrated in FIG. 5 has a hexagonal geometry
for securing a non-compression sleeve 545 having a hexago-
nal head. The connecting member can pass through aligned
apertures in the layered u-bracket 510 and truss member. As
used herein, reference axes include longitudinal, latitudinal,
and vertical, as 1llustrated 1n FIG. 5. The first u-bracket 1s
described in more detail below in connection with FIGS.
6 A-6B, while the second u-bracket 1s described in more detail
below 1n connection with FIG. 7A-7B.

FIGS. 6 A-6B 1illustrate a first u-bracket 660 of a layered
u-bracket according to one or more embodiments of the
present disclosure. The first u-bracket 660 can have a channel
664 defined by an 1nterior surface 611 opposed to an exterior
surface 612, e.g., a surface opposing the channel. The first
u-bracket 660 can be formed of a same material as the truss
member to which 1t 1s attached, e.g., a lightweight material
such as aluminum. Such embodiments can allow the first
u-bracket 660 to respond 1n kind with the truss member to
which 1t 1s attached to various mechanical and thermal
stresses, €.g., from expansion and/or contraction due to heat-
ing and/or cooling. In some embodiments, the first u-bracket
660 can be formed from a material different than that of the
truss member to which 1t 1s attached, e.g., the truss member
could be aluminum and the first u-bracket can be steel. Such
embodiments can allow the first u-bracket 660 to provide
additional strengthening, e.g., resistance to deformation,
where the first u-bracket 660 1s placed. Embodiments are not
limited to these examples of materials. The firstu-bracket 660
can be aflixed to a truss member such that 1t 1s flush with the
truss member. That 1s, the latitudinal channel width 667 of the
first u-bracket 660 channel 664 can be just larger than a
latitudinal width of a portion of a truss member such that the
first u-bracket 1s seated flush with the truss member.

The first u-bracket 660 can have a particular thickness 663,
e.g., 0.5-3 millimeters (mm). In some embodiments, the
thickness 663 of the first u-bracket 660 can be 1.5 mm. The
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first u-bracket 660 can have a particular longitudinal length
665, c.g., 25-100 mm, and a particular width 666, ¢.g., 10-50
mm. In one or more embodiments, the u-bracket 660 has a
longitudinal length 665 of 50 mm and a width 666 of 23 mm.
The first u-bracket 660 can have a particular channel depth
668, c.g., 4-20 mm, and a particular channel width 667, ¢.g.,
10-40 mm. In one or more embodiments, the channel depth
668 can be 8 mm and the channel width 667 can be 20 mm.

The first u-bracket 660 can have an aperture 646 that spans
from the channel 664 to the surface opposing the channel 612.
The aperture 646 can be centrally located 1n a longitudinal-
latitudinal plane of the channel surface 611 and the surface
opposing the channel 612. The aperture 664 can be circular
with a particular diameter 647, ¢.g., 3-15 mm. In one or more
embodiments the diameter 647 can be 6.5 mm. When the first
u-bracket 660 1s fixedly attached to the collapsible truss
assembly at a pivotal x-joint, a connecting member, e.g., a
threaded sleeve and screw, can pass through the aperture 646
to secure the first u-bracket 660, ¢.g., as part of a layered
u-bracket, to one of a number of truss members.

The first u-bracket 660 can help to protect the truss member
from deforming and/or shearing due to loads placed on the
collapsible truss assembly that can centralize at a pivotal
x-101nt. The first u-bracket 660 may be particularly usetul for
truss assemblies that utilize lightweight materials such as thin
walled aluminum due to an increased susceptibility to defor-
mation and/or shearing as compared to, for example, heavier
truss assemblies formed from steel.

FIGS. 7A-7B illustrate a second u-bracket 770 of a layered
u-bracket according to one or more embodiments of the
present disclosure. The second u-bracket 770 can have a
channel 774 defined by an 1nterior surface 713 opposed to an
exterior surface 714, e.g., a surface opposing the channel. The
second u-bracket 770 can be formed of a lightweight material,
¢.g., nylon. In one or more embodiments, the second
u-bracket 770 can be formed of a same materal as the internal
support body for truss members described below 1n connec-
tion with FIG. 8A. Various methods can be used to form the
second u-bracket, e.g., extrusion, casting, and/or injection
molding.

The second u-bracket 770 can have a particular thickness
773, e.g., 1-3 mm. In some embodiments the thickness 773 of
the second u-bracket 770 can be 1.5 mm. The second
u-bracket 770 can have a particular longitudinal length 775,
¢.g., 20-80 mm, and a particular latitudinal width 776, e.g.,
12-60 mm. In some embodiments, the second u-bracket 770
can have a longitudinal length 775 of 40 mm and a latitudinal
width 776 of 27.2 mm. In one or more embodiments, the
second u-bracket 770 can have a longitudinal length 7735 less

than that of a first u-bracket, e.g. first u-bracket 660 in FIGS.
6 A-6B, to which it 1s attached. The second u-bracket 770 can
have a particular channel depth 778, e.g., 5-25 mm and a
particular channel width 777, e.g., 10-350 min. In one or more
embodiments, the channel depth 778 can be 9.6 mm and the
channel width 777 can be 23.2 mm.

The second u-bracket 770 can have an aperture 746 that
spans from the channel 774 to the surface opposing the chan-
nel 714. The aperture 746 can be centrally located 1n a longi-
tudinal-latitudinal plane of the channel surface 713 and the
surface opposing the channel 714. The aperture 746 can be
circular with a particular diameter 747, e¢.g., 3-15 mm. In
some embodiments the diameter 747 can be 6.5 mm. The
diameter 747 of the aperture 746 1n the second u-bracket 770
can be the same as the diameter 647 of the aperture 646 in the
first u-bracket 660, as illustrated in FIGS. 6 A-6B. When
attached as a layered u-bracket, the respective apertures, e.g.,
apertures 646 and 746, can be aligned to allow passage of a
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connecting member therethrough. The second u-bracket 770
can be affixed to a first u-bracket, e.g., first u-bracket 660 1n
FIGS. 6 A-6B, such that 1t 1s flush with the first u-bracket, e.g.,
such that the channel 774 of the second u-bracket 770 1s flush
with a surface opposing the channel 612 of the first u-bracket
660, as 1llustrated 1n FIGS. 6 A-6B. That 1s, the latitudinal
width 777 of the second u-bracket channel 774 can be just
larger than that of the first u-bracket to which the second
u-bracket 770 1s to be attached such that the second u-bracket
770 1s seated flush with the first u-bracket.

The second u-bracket 770 can include an annulus portion
790 that extends perpendicular to the second surface 714 and
that 1s defined by an mmmer wall 791 located a first radial
distance from the aperture 746 and an outer wall 792 located
a second radial distance from the aperture 746. In some
embodiments, the inner 791 and outer 792 walls of the annu-
lus portion 790 can have a circular geometry. In one or more
embodiments, the inner wall 791 of the annulus portion 790
can have a polygonal geometry while the outer wall 792 of the
annulus portion 790 can have a circular geometry.

The annulus portion 790 can have a particular thickness
793, e.g., 2-10 mm. Accordingly, the annulus portion 790 can
have a particular mner radius 794, e.g., 5-25 mm, and a
particular outer radius 795, e.g., 7-35 mm. In one or more
embodiments the inner radius 794 can be 13 mm and the outer
radius 795 can be 18 mm, which can give the annulus portion
790 a thickness 793 of 5 mm. The annulus portion 790 can
have a particular height 796 above a surface opposing the
channel 714 of the second u-bracket 770, e.g., 1-10 mm. In
some embodiments, the height 796 of the annulus portion 790
can be 3 mm. In embodiments where the annulus potion 790
has an mner wall 791 with a polygonal geometry, the dimen-
sions can be configured to receive a polygonal connecting
member without allowing the polygonal connecting member
to rotate within the annulus portion 790.

For embodiments where the inner wall 791 of the annulus
portion 790 has a polygonal geometry, the geometry can be
configured to secure a connecting member, where a portion of
the connecting member has the same polygonal geometry.
For example the connecting member can be a nut and bolt,
where the bolt 1s a socket screw having a pan head with a
circular geometry and an at least partially threaded shatt. In
such embodiments, the nut can have a polygonal, e.g., hex-
agonal, geometry that conforms to the geometry of the annu-
lus portion of the second u-bracket, e.g., as shown 1n FIG. 5.
In such embodiments, the second u-bracket can 770 secure
the nut such that 1t does not rotate to loosen or tighten on the
socket screw. In one or more embodiments, the bolt head can
have a polygonal head that can be secured within the inner
wall of the annulus portion 790 having a polygonal geometry.

In one or more embodiments, the connecting member can
include a non-compression shait with a smooth exterior and a
hollow threaded interior. The non-compression shait can
include a polygonal head that can be secured within an annu-
lus portion having a polygonal geometry as described above.
The connecting member can include a screw threaded to {it
within the threaded interior of the non-compression shatt.
The screw can have any of a variety of heads including those
with a circular or polygonal geometry. The screw may be
socket driven, for example.

Such embodiments can be beneficial in helping to prevent
over tightening of the connecting member that can lead to
reduced adjustability, e.g., increased friction at one or more
pivotal joints that makes it difficult for a user to expand and/or
collapse the shelter. Such embodiments can be beneficial 1n
helping to prevent damage to the layered u-bracket and/or
truss member from over tightening the connecting member,
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¢.g., crushing the layered u-bracket and/or truss member.
Such embodiments can be useful in helping to prevent the
collapsible truss assembly from becoming loose, which could
lead to mstability or failure of the collapsible truss assembly,
or complete detachment 1n certain areas with repeated expan-
s1on and contraction of the collapsible shelter. That 1s, accord-
ing to one or more embodiments described herein, the various
truss members can be allowed to rotate at the pivotal x-joints
(and p1votal v-joints) over portions of connecting members,
but such rotation may have a reduced ability to allow the
connecting member to tighten or loosen. Furthermore, the
annulus portion 790 can help to prevent the connecting mem-
ber from damage, e.g., from being struck by objects moving
along a longitudinal portion of the layered u-bracket and/or
truss member, among other benefits.

FIG. 8A 1llustrates an internal support body 8350 for a truss
member according to one or more embodiments of the
present disclosure. The internal support body 8350 can be an
clongate body configured substantially as a rectangular prism
with rounded edges. The internal support body 850 can have
a number of ribs, e.g., b 851, surrounding a latitudinal-
vertical plane of the exterior of the internal support body 850.
When the internal support body 830 1s situated within a truss
assembly member, the ribs, e.g. rib 851, can be flush with the
inner surfaces of the truss member. Such a configuration can
assist 1n correct and stable positioning of the internal support
body 850 and easier assembly during manufacturing, e.g., by
providing support for the truss member in which the internal
support body 850 1s positioned, but not providing too much
friction to allow the internal support body 850 to slide within
the truss member. The internal support body 850 can be
formed from a lightweight material, e.g., nylon. In one or
more embodiments, the internal support body 8350 can be
formed of the same maternial as the second u-bracket. In some
embodiments, the internal support body 850 can have a solid
body, 1.e., the internal support body 1s not hollow.

The 1ntemal support body 850 can have a particular longi-
tudinal length 855, e.g., 30-120 mm, a particular latitudinal
width 856, ¢.g., 10-40 mm, and a particular vertical height
857, e.g., 4-16 mm. In one or more embodiments, the longi-
tudinal length 855 can be 60 mm, the latitudinal width 856
can be 17.8 mm, and the vertical height 857 can be 7.8 mm. In
some embodiments, the internal support body 850 can have a
longitudinal length 855 less than that of the truss member 1n
which it 1s located. For example, an internal support body 850
can be located within a truss member at a pivotal x-joint, but
not extending greatly beyond the joint. Such embodiments
can provide significant strengthening of a pivotal x-joint, for
example, without dramatically increasing the overall weight
of the portable collapsible shelter. The internal support body
850 can have other geometric configurations than the particu-
lar embodiments described herein.

The nbs 851, can have a rounded edge with a particular
height 852, e.g., 0.1-0.5 mm, above a surface 854 of the
internal support body 850. In some embodiments, the radius
height 852 of the ribs can be 0.2 mm. The ribs 851 can have a
particular width 853, e.g., 0.5-4 mm. In one or more embodi-
ments the ribs 851 can have a width 853 of 1 mm. The ribs 851
can be spaced any distance 838 apart. In one or more embodi-
ments the ribs 851 can be spaced 10 mm apart along the
longitudinal axis of the internal support body 850. The inter-
nal support body 850 can be sized such that the ribs 851 are
seated flush with the 1nner surfaces of the truss member that it
supports. In some embodiments, the internal support body
850 can be configured without ribs 851 such that one or more
exterior surfaces of the internal support body 8350 are flush
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with one or more internal surfaces of the truss member in
which the internal support body 850 1s situated.

The 1nternal support body 850 can include an aperture 846
extending vertically through the elongate body of the internal
support body 850. The aperture 846 through the internal
support body 850 can be aligned with one or more apertures
through latitudinal-vertical planar surfaces of the truss
assembly member 1n which the internal support body 8350 1s
situated. As such, a connecting member, €.g., a non-compres-
s10n sleeve, can pass through the aperture 846 1n the internal
support body 850 as well as the apertures in the truss member.
Additionally, the same connecting member can pass through
a layered u-bracket when so configured, e.g., as illustrated 1n
FIGS. 4A-4B. The aperture 846 through internal support
body 850 can have a racetrack oval shape with a particular
shorter diameter 859-1, e.g., 3-15 mm and a particular longer
diameter 859-2, e.g., 3-17 mm. In some embodiments the
shorter diameter 859-1 can be 6.5 mm and the longer diameter
859-2 can be 8.5 mm.

Embodiments including an internal support body 850 in
one or more members ol a collapsible truss assembly, par-
ticularly at pivotal x-jo1ints, can provide a number of advan-
tages over prior art collapsible truss assemblies. For example,
the internal support body 850 can provide additional strength
to the truss members at the joint to withstand core axial
deformation, breaking stresses, tensile loading, and torsion,
among others. One of ordinary skill in the art, having read and
understood the present disclosure will appreciate additional
advantages of the embodiments described herein.

FI1G. 8B 1llustrates internal support bodies 850-1 and 850-2
for a honeycombed truss member according to one or more
embodiments of the present disclosure. A particular truss
member can be fitted with one or more 1nternal support bod-
ies. The embodiment 1llustrated in FIG. 8B includes a truss
member 806 with a honeycombed interior portion 849 having,
two major cavities 898 and two minor cavities 899. As such,
two 1nternal support bodies 850-1 and 850-2 can be provided
to fit within the two major cavities 898. Although the internal
support bodies 850-1 and 850-2 are 1llustrated substantially
as described and illustrated in connection with FIG. 8 A, other
configurations are also possible. For example, the internal
support bodies could be geometrically configured to contform
to the shape of the cavity in which they are to be fitted, e.g., a
generally trapezoidal shape as 1llustrated for the two major
cavities 898 in FIG. 8B.

As described above, the internal support bodies 850-1 and
850-2 can each include an aperture 846 extending vertically
through the elongate body of the internal support body. The
aperture 846 can be aligned with one or more apertures
through latitudinal-vertical planar surfaces of the truss mem-
ber 1n which the internal support body is situated, e.g., truss
member 806. As such, the truss member 806 can include an
aperture (not 1llustrated) through both outer walls 834 and
inner wall 8335. As other honeycomb configurations are pos-
sible, the aperture can extend through any wall of the honey-
combed interior portion 849. A connecting member, e.g., a
non-compression sleeve, can pass through the aperture 846 in
the internal support body as well as the apertures in the truss
member.

The particular interior honeycomb portion 849 illustrated
in F1G. 813 may provide greater structural support to the truss
member 806 in the vertical direction than 1n the latitudinal
direction. Incorporation of one or more 1ternal support bod-
1es, €.g., internal support bodies 850-1 and 850-2, can provide
additional strength to the truss member 806 1n the latitudinal
direction, e.g., against crushing or bending, among other ben-
efits. In some embodiments, a particular truss member, e.g.,
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truss member 806, may be fitted with one or more internal
support bodies, e.g., internal support bodies 850-1 and 850-2,
while not being configured with external support, ¢.g., a lay-
ered u-bracket as described herein. Such embodiments may
provide additional structural support, e.g., from the one or
more internal support bodies, to a truss member, e.g., as
formed from steel, without adding the extra weight associated
with one or more layered u-brackets.

A collapsible truss assembly has been described herein.
One component includes a layered u-bracket including a first
u-bracket connected to the collapsible truss assembly, having
a first channel, a first surface opposing the channel, and a first
aperture that spans from the first surface to the first channel
and 1s of a particular diameter. The layered u-bracket also
includes a second u-bracket having a second channel, a sec-
ond surface opposing the second channel, and a second aper-
ture that spans from the second surface to the second channel
and 1s of the particular diameter. For the layered u-bracket, the
second channel 1s flush with the first surface, and the first and
second apertures are aligned.

Although specific embodiments have been illustrated and
described herein, those of ordinary skill in the art will appre-
ciate that an arrangement calculated to achieve the same
results can be substituted for the specific embodiments
shown. This disclosure 1s intended to cover adaptations or
variations of various embodiments of the present disclosure.
It 1s to be understood that the above description has been made
in an 1llustrative fashion, and not a restrictive one. Combina-
tion of the above embodiments, and other embodiments not
specifically described herein will be apparent to those of skill
in the art upon reviewing the above description. The scope of
the various embodiments of the present disclosure includes
other applications in which the above structures and methods
are used. Therefore, the scope of various embodiments of the
present disclosure should be determined with reference to the
appended claims, along with the full range of equivalents to
which such claims are entitled.

In the foregoing Detailed Description, various features are
grouped together 1n a single embodiment for the purpose of
streamlining the disclosure. This method of disclosure 1s not
to be interpreted as reflecting an intention that the disclosed
embodiments of the present disclosure have to use more fea-
tures than are expressly recited 1n each claim. Rather, as the
following claims reflect, inventive subject matter lies 1in less
than all features of a single disclosed embodiment. Thus, the
following claims are hereby incorporated into the Detailed
Description, with each claim standing on 1ts own as a separate
embodiment.

What 1s claimed 1s:

1. An assembly, comprising:

a first truss member;

a first u-bracket, having a first channel, a first surface
opposing the channel, and a first aperture that spans from
the first surface to the first channel and 1s of a first
diameter:;

a second u-bracket having a second channel, a second
surface opposing the second channel, and a second aper-
ture that spans from the second surface to the second
channel and 1s of the first diameter; and

a connecting member,

wherein the first channel 1s entirely flush with the first truss
member, the second channel 1s flush with the first sur-
face, the first and second apertures are aligned, and the
connecting member connects the first u-bracket, the sec-
ond u-bracket, and the first truss member together, and

wherein the first u-bracket and second u-bracket are fixedly
attached to the first truss member by the connecting
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member, and wherein the first truss member 1s part of a
pivotal x-joint, which 1s adapted to include a second
truss member, a third u-bracket, and a fourth u-bracket
fixedly attached together by the connecting member.

2. The assembly of claim 1, wherein a longitudinal length
of the first u-bracket 1s greater than a longitudinal length of
the second u-bracket.

3. The assembly of claim 1, wherein a thicknesses of the
first u-bracket 1s less than or equal to 1.5 millimeters and a
thickness of the second u-bracket 1s less than or equal to two
millimeters.

4. The assembly of claim 1, wherein the first u-bracket and
second u-bracket support the first truss member, the first
u-bracket includes a same material as the truss member, and
the second u-bracket includes nylon.

5. The assembly of claim 1, wherein the pivotal x-joint 1s at
a longitudinal midpoint of the truss member and wherein the
assembly includes accordion-type truss connections.

6. The assembly of claim 1, wherein the second u-bracket
includes an annulus portion that extends perpendicular to the
second surface and 1s defined by an inner wall located a first
radial distance from the aperture and an outer wall located a
second radial distance from the aperture.

7. The assembly of claim 6, wherein at least one of the inner
wall and the outer wall of the annulus portion have a circular
geometry.

8. The assembly of claim 7, wherein:

the outer wall of the annulus portion has a circular geom-
etry; and

the inner wall of the annulus portion has a polygonal geom-
etry configured to secure the connecting member having
the polygonal geometry.

9. An assembly, comprising:

a {irst truss member, including a portion of the first truss
member having walls formed from a first material;

a second truss member, including a portion of the second
truss member having walls formed from the first mate-
rial;

a first solid mternal support body situated within the por-
tion of the first truss member; and

a second solid internal support body situated within the
portion of the second truss member, wherein:
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the first internal support body includes an outer surface
that 1s substantially flush with 1nner surfaces of the
portion of the first truss member;

the second internal support body includes an outer sur-
face that 1s substantially flush with mner surfaces of
the portion of the second truss member;

the first internal support body includes a first number of
ribs surrounding a latitudinal-vertical plane of an
exterior of the first internal support body;

the second internal support body includes a second num-
ber of ribs surrounding a latitudinal-vertical plane of
an exterior of the second internal support body;

the first and second internal support bodies are formed
from a second material; and

the first and second truss members and the first and
second internal support bodies are attached together
in an x-joint configuration by a connecting member
passing through a first aperture and a second aperture
in the first truss member, a third aperture and fourth
aperture in the second truss member, a fifth aperture in

the first internal support body, and a sixth aperture 1n

the second 1nternal support body.

10. The assembly of claim 9, wherein the first material 1s
aluminum and the second material 1s nylon.

11. The assembly of claim 9, wherein the connecting mem-
ber passes through, in order:

a first wall of the first truss member;

the first elongate body;

a second wall of the first truss member;

a first wall of the second truss member;

the second elongate body; and

a second wall of the second truss member.

12. The assembly of claim 9, wherein the first number of
ribs include the outer surface of the first internal support body
that 1s substantially flush with inner surfaces of the portion of
the first truss member and the second number of ribs include
the outer surface of the second mternal support body that 1s
substantially flush with mner surfaces of the portion of the
second truss member.
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